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Introduction 
 
This addendum includes additional information referenced to the appropriate 
sections in the Alternatives Analysis for Disposal of Municipal Refuse, as 
presented in the Waimanalo Gulch Sanitary Landfill Lateral Expansion, Draft 
Environmental Impact Statement (DEIS).  
 
Section 3.4.  Disposal (Addendum) 
 
Overview of Waste Sources and Disposal 
This section reviews the source and destination (recycling, composting, or 
disposal) for the waste material produced on Oahu. Waste is collected by the 
City and commercial waste haulers. The City primarily collects residential waste 
from households, although it does collect some waste from multi–family dwellings 
and commercial establishments. The majority of non-residential waste is 
collected by commercial haulers. 
 
Waste is taken to the Waimanalo Gulch Sanitary Landfill, H–POWER, or the PVT 
Landfill. PVT only accepts construction and demolition debris waste. H–POWER 
accepts most of the City’s residential waste and much of the commercial waste. 
The Waimanalo Gulch Sanitary Landfill accepts the remainder, as well as the ash 
and residue from H–POWER. The following tables show how much waste is 
delivered by each type of hauler to each facility in fiscal year 2006.  
Table A shows the waste that was diverted through recycling, reuse or 
composting and disposed of. The total disposal for PVT and unpermitted sites is 
estimated because the data is not reported for those disposal locations. 
 

Table A, Diversion and Disposal 
Destination Tons 

Recycled, Reused, Composted 628,373 
Waimanalo Gulch Sanitary Landfill 337,667 
H-POWER 602,520 
PVT Landfill (est.) 200,000 
Unpermitted disposal sites (est.) 25,000 
Total 1,793,560 

 
Table B shows the types of material disposed of at the Waimanalo Gulch 
Sanitary Landfill. The ash and residue are from H–POWER resulting from the 
processing of waste at that facility. The residue is from processing the waste into 
a refuse derived fuel and ash as a product of combustion. 
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Table B, Materials Disposed at Waimanalo Gulch 

Material Tons 
MSW 337,667
Ash 88,380
Residue 79,443
Total 505,490

 
Table C shows the total disposal at H–POWER and Waimanalo Gulch. 
 

Table C, Total Disposal 
Location Tons Percent

H-POWER 602,520 64%
Waimanalo 
Gulch  337,667 36%

Total  940,187 100%
 
Table D shows the source of materials disposed of at H–POWER and the 
Waimanalo Gulch Sanitary Landfill. 
 

Table D, Source of Materials  
(Tons in FY 2006) 

Sector H–
POWER 

Waimanalo 
Gulch 

Overall 

Residential 371,649 40,367 412,016 
Commercial 384,389 114,300 498,689 
Convenience 
Center 

283 29,199 29,482 

Total  756,321 183,866 940,187 
 
Table E uses the same sources and disposal locations as Table D, but provides 
the percentage of each source that went to each disposal location. 
 

Table E, Source of Materials — Percentage 

Sector H–
POWER 

Waimanalo 
Gulch 

Overall 

Residential 49% 22% 44% 
Commercial 51% 62% 53% 
Convenience 
Center 

0% 16% 3% 
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Section 3.4.2.  H-POWER (Addendum) 
 
Current Status of H-POWER Expansion 
The City is in process of working with Covanta Energy to add a third unit to H–
POWER. When permitted, the third unit will have a capacity of 300,000 tons per 
year (TPY) and will be a mass burn facility. The existing H–POWER Units #1 and 
#2 are refuse derived fuel units in which the waste is processed to remove 
metals and other difficult to combust materials before incinerating the waste. The 
new mass burn facility will accept waste without pre-processing and convert it to 
energy.  
 
The plant is intended to reduce the amount of disposal in the Waimanalo Gulch 
Sanitary Landfill. It will further reduce the Island of Oahu's greenhouse gas 
footprint by increasing from five to eight percent the amount of electricity 
produced from solid waste, a renewable fuel.  
 
The plant will have an economic life, but it can be upgraded when technical 
improvements are available. When constructed, it will have emission controls 
among the best of any energy from waste plant in the country. The plant will be 
the most modern in operation. As with H–POWER units #1 and #2, future 
upgrades are expected to keep the plant technologically current and provide 
needed disposal capacity for the foreseeable future. 
 
Section 4.4. Alternative Technologies (Addendum) 
 
Combination of Smaller Alternative Technologies 
The evaluation of a combination of smaller alternative technologies was not 
included in this EIS because doing so did not fit within the project schedule and 
the impacts were expected to exceed the impacts at one location.  
 
The situation is similar to the evaluation of multiple smaller landfill sites with less 
capacity. This same issue was discussed by the 2002 Mayor’s Advisory 
Committee on Landfill Site Selection. The Committee questioned whether the 
impacts of the landfill would be lessened if several smaller landfills were located 
around the island instead of just at Waimanalo Gulch. It was noted:  
 

“The Committee decided to limit its consideration to sites that had more 
than 10 years of capacity based on: the assumption that demand 
projections from the City remain unchanged; the City’s experience with the 
length of time needed to implement new and feasible waste reduction 
technologies; and the cost and time required to identify and permit a new 
landfill site.” (See Appendix K, Section 3.4). 
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The time and resources necessary to evaluate a combination of smaller scale 
technologies is expected to be substantial and include:  
 

• Several potential alternative sites would need to be identified, 
evaluated with the public and governmental agencies concerning 
environmental and land use effects, selected, and purchased. The 
number of alternative sites and magnitude of the public and 
governmental agency coordination needed would be a function of 
the number of technologies selected. Mitigative measures to 
address potential environmental effects associated with each 
technology would need to be developed. 

 
 • Detailed evaluation of the feasibility and cost of multiple technology 

or technologies using a different set of qualifying criteria than 
currently considered by the City. This evaluation would need to 
include the detailed implementation plan identifying the planned 
construction scheduling and capital costs.  

 
• An estimate of the time needed for environmental and land use 

permitting would also need to be factored into the project schedule. 
 
In addition, for each alternative technology selected: (1) any waste by-products 
generated as a result of the technology process or processes used, would need 
to be at a scale that would not require landfilling; (2) a market would be required 
for the product resulting from the technology, and (3) the technology would have 
to be feasible, proven, and based on its use in a municipality similar in 
requirement to the City & County.  
 
The City has the fiduciary and management responsibility to select only 
technologies that are proven to work on MSW with costs similar to the public cost 
of disposal and operations at WGSL. Factors that are not in favor of the 
evaluation of several smaller alternative technology facilities are: 
 

• The expected lengthy period of commitment of resources needed to 
research and develop a coordinated program to use small 
alternative technology facilities. This is reasonably expected to last 
more than a year and could take several years. The exhaustive 
process to select the technology for the third boiler at H–POWER 
took approximately a year to complete and was for a technology 
already proven in the City & County. The evaluation of smaller and 
newer technologies could reasonably be expected to last much 
longer. 
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• The use of several smaller facilities is not efficient and cost 
effective. This is because the economies of scale normally present 
in an appropriately sized facility is not necessarily present at a 
smaller scale. The installation of the infrastructure at multiple sites 
could have a much greater environmental impact than using just 
one site.  

 
Thus, the evaluation of a combination of alternatives is not considered feasible 
and would have significantly extended the time required beyond the November 1, 
2009 LUC deadline to allow for the same or similar disposal capacity as is 
available at the WGSL. 
 
Section 5. Transshipment Off-Island (Addendum) 
 
Current Status of Transshipment 
On June 16, 2008, bids were opened for the City's Request For Bids for interim 
shipping of MSW to the mainland United States. Three bids were received. Three 
procurement protests were then filed on behalf of the two higher bidders. The 
City is working to resolve these protests. They are being evaluated with input 
from various City agencies. After the City issues final rulings on the protests, the 
parties will have the right to an appeal. Until any such time that the appeals are 
resolved, the City is prohibited by State law from awarding any contract.  
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SUMMARY 
The Waimanalo Gulch Landfill expansion area sampled in this biological survey 
yielded native mollusks and native and adventive arthropods.  No invertebrate 
listed under either federal or state endangered species statutes was located within 
the survey area.   
 
INTRODUCTION 
This report summarizes the findings of an invertebrate1 survey conducted in support of an 
environmental impact statement as part of a proposal to expand the Waimanalo Gulch 
Landfill.  Waste Management and the City & County of Honolulu propose to extend the 
landfill active area by 92.5  acres (Towill 2006).  This survey was conducted by Steven 
Lee Montgomery, Ph. D., for AECOS Consultants as part of a team effort directed by R. 
M. Towill Corporation, Honolulu. 
 
Invertebrates are often the dominant fauna in natural Hawaiian environments.  The 
primary emphasis of this survey was on terrestrial arthropods, particularly those that are 
endemic, indigenous, or threatened species, especially those having legal status under 
either, or both federal and state endangered species statutes (DLNR 1996, USFWS 
2005a, 2008).   
 
Native Hawaiian plant, vertebrate, and invertebrate populations are often interdependent.  
Certain insects are obligatorily attached to specific host plants and are able to use only 
that plant as their food.  Those insect - host relationships are ancient and intertwined.  
Invertebrates are the food of some birds and the pollinators of plants.  Native 
invertebrates have proven inventive in adapting to opportunities in changed ecosystems.  
A surprising number of native arthropod species survive even in degraded habitats.  
Nevertheless, the overall health of native Hawaiian invertebrate populations depends 
upon habitat quality and absence or low levels of predators introduced from the 
continents.  Sufficient food sources, host plant availability, and the absence or low levels 
of introduced, continental predators and parasites comprise a classic native, healthy 
ecosystem.  Consequently, where appropriate in the survey discussion, host plants, and 
some introduced arthropods are also noted.   
 
 

                                                 
1 Animals without backbones:  insects, spiders, snails, shrimp, etc. 
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GENERAL SITE DESCRIPTION 
The area identified for Waimanalo Gulch Landfill expansion occupies a valley on the dry 
foothills of the Waiÿanae Range, ÿEwa District, Oÿahu (Figure 1).  The Landfill area is 
largely bounded by Makaïwa Gulch to the east / Diamond Head, and Keone’ö’io Gulch 
to the west / ÿewa, and Farrington Highway to the south / makai (Figure 2).  The 
expansion area is at the mauka end of the valley, narrow bottomed and steep sided.  The 
majority of the land is steeply sloping valley walls cut into the old shield volcano.  There 
are no perpetually flowing streams or standing, open water to support hygrophilous 
invertebrates.  Short term stream flows follow only after significant rainfall.  A few small 
ponds of water may persist for short periods in stream depressions after seasonal heavy 
rains.  Host plant vegetation is thickest and most varied in the stream channels and on the 
gulch walls, especially during the winter rainy season.   

Figure 1:  Map showing general location of landfill site on island of Oÿahu 



  

Invertebrate Survey, Waimanalo Gulch Landfill Expansion  Oÿahu 
 

  

Montgomery September 26, 2008 page 3 

At this site, several known native Hawaiian plants of interest as hosts or shelter for 
invertebrates were limited or missing in comparison to less altered dryland, low elevation 
locations in the islands.  A few native plants such as `ilima (Sida fallax) and pili grass 
(Heteropogon contortus) are surrounded by aliens species introduced since 1790.  Tree 
Tobacco (Nicotiana glauca) is frequently seen on its favored habitat, disturbed ground 
created by the usual activity of the landfill operation.   
 

 

INVERTEBRATE SURVEY METHODS 

Previous Surveys and Literature Search 
Prior to the field survey, a search was made for publications relating to invertebrates 
associated with the Waimanalo Gulch Landfill expansion area.  This review did not find 
any previous invertebrate surveys of the Landfill areas.  A recent survey at the adjacent 
proposed Makaïwa Hills housing development provided a comparison to a similar 
environment (Montgomery 2006).  Earlier surveys of the Waimanalo Gulch Landfill 
expansion site for avian, botanical, and mammalian resources by Environment Impact 
Study Corporation (1983), Char (1999), Bruner (1999), and Guinther (2007) show no 
reference or evidence of surveying for invertebrates. 
 

Figure 2.  Waimanalo Gulch on Oÿahu’s leeward coast 
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Searches also were made in regional and national databases which provide geographic 
access, such as the Pacific Basin Information Node and Hawaii Natural Heritage 
Program.  None of the searches returned records of invertebrate surveys in Waimanalo 
Gulch.  University of Hawaii Library holdings and Bishop Museum library and data 
bases also were searched. 
 
Since 1970, I have taken part in 
field projects at other locations on 
the slopes near Waimanalo Gulch 
and other dryland locations on 
Oÿahu and throughout the island 
chain.  Surveys of other dryland 
areas have created a sizeable body 
of information on native 
invertebrate and related botanical 
resources found in areas similar to 
Waimanalo Gulch Landfill 
expansion area (Bridwell 1920, 
Swezey 1935a).  Those 
experiences and the results of 
those surveys provided the basis 
for my study design and my 
analysis of results.   
 

Fieldwork 
Field surveys were conducted at 
the Waimanalo Gulch Landfill 
expansion site in August 2008.  I 
conducted a general assessment of 
terrain and habitats at the start of the survey.  Surveying efforts were conducted at various 
times of day and night, a technique which is vital for a thorough survey.  Native botanical 
resources identified by Char (1999), and Guinther (2007) were an important focus of my 
searches.  The talus slopes of lichen covered rocks and older rock ledges (Figure 3 and 5) 
were of special interest as undisturbed Hawaiian ecosystem habitat.  These areas support 
a microflora of lichens and algae, food for a higher diversity and larger number of native 
invertebrates than other locations within the valley.   
 
During the day, I walked up the bulldozer road with wandering searches as practical off 
the sides of the road.  When this road ended, I walked and climbed as far as possible into 
the remaining valley and up the slopes.  See Figure 6 (page 10) for night collecting 
locations within the survey area.  

Figure 3: Typical talus slopes of lichen covered rocks. 
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© Figure 4:  Typical light surveying arrangement.  

Fieldwork schedule: 
Aug. 26-27, 2008 Site examination and general orientation; general survey;  
 light assisted census  
Aug. 31-Sept. 1, 2008 General survey; light assisted census 
 
Collecting Methods 
The following collecting methods for terrestrial invertebrates were used as appropriate to 
the terrain, botanical resources, and target species.   
 
Host plant searches:  Potential host plants, both native and introduced, were sampled for 
arthropods that feed or rest on plants.  Tree tobacco was a special focus as were all native 
plants. 
 
Light sampling: A survey of insects active at night is vital to provide a complete record 
of the fauna.  Many insects are only active at night to evade birds, avoid high 
temperatures and desiccation, or to use food sources such as night opening flowers.  Light 
sampling uses a bright light source in front of a white cloth sheet.  Night active insects 
seem to mistake the collecting light for the light of the moon, which they use to orient 
themselves.  In attempting to navigate by the collecting light, confused insects are drawn 
toward the light and land on the cloth in confusion.  This type of collecting is most 
successful during the dark phase of the moon under clouds blocking starlight.  Vegetation 
usually blocks light from being seen over long distances, and most moths and other night 
fliers are not capable of very distant flight.  Consequently, light sampling does not call in 
many insects from outside the survey area. 
 
Light censusing was conducted for 10 hours each night on Aug. 26-27, 2008, and Aug. 

31-Sept. 1, 2008.  The light 
source was a mercury 
vapor (MV) bulb powered 
by an electric generator 
(left).  An additional, hand 
held UV light source was 
used on the Aug. 31 - Sept. 
1, 2008, trip at an 
additional location.  
Locations were chosen 
based on experience, native 
host plant proximity, and 
terrain.  Competing 
artificial light sources were 
not a factor in response 
success.   
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Sweep nets:  This collecting method targets flying and perching insects.  A fine mesh net 
was swept across plants, leaf litter, rocks, etc. to collect any flying, perching, or crawling 
insects.  Transfer from the net was either by aspiration, or directly into a holding 
container. 
 
Visual observation: At all times, I was vigilant for any visual evidence of invertebrate 
presence or activity.  Visual observations provide valuable evidence and are a cross check 
that extends the reach of sampling techniques.  Visual observation also included turning 
over rocks, dead wood, and other debris and examination of living and dead plants and 
plant parts.   
 
Survey Limitations / Conditions 
My ability to form advisory opinions is limited / influenced in the following ways:  
 Common alien species:  No attempt was made to collect or completely 
document common alien arthropod species present in the area. 
 
 Collecting conditions: Monitoring at a different time of the year, or for a longer 
period of time, might produce a longer or different arthropod list.  Weather and seasonal 
vegetation play an especially important role in any survey of invertebrates.  Many 
arthropods time their emergence and breeding to overlap or follow seasonal weather or to 
coincide with growth spurts of an important plant food.  Host plant presence/absence, and 
seasonal changes, especially plant growth after heavy rains, affect the species collected.   
 
Weather was favorable for collecting during each day of collecting.  This survey was 
conducted without the benefit of winter rains, however native dryland adapted vegetation 
was in a better than expected condition due to several summer rains.  If vegetation 
displayed young tender or mature new growth, a different insect list might have resulted. 
 

The moon did not present competition to light collecting efforts and should not have 
affected the number of insects attracted to the light.  The moon rose late on August 26 
(1:58 a.m.) as a waning crescent with only 19% of the visible disk illuminated.  On 
August 31 the moon rose at 7:07 a.m. as a waxing crescent with 1% of the disk 
illuminated.  The moon set at 7:28 p.m. on Aug. 31, and did not rise again until 8:02 a.m. 
on Sept.1, presenting no disc during the period of collecting.  (USNO) 

 
 Physical limitations: The steepness of slopes in some areas made access to some 
possible host plants difficult (Figure 3 and 5).  Light censusing at night was some 
compensation for this hurdle. 
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The size of the project area and the 
steepness of many slopes means the 
survey was not comprehensive.  The 
overall study strategy and site 
selections were designed to mitigate 
this recognized handicap.  The 
resulting survey was representative 
and targeted in favor of locating and 
examining native host plants.   
 
 
 
RESULTS:  
In addition to the invertebrate results 
noted below, I noted a Barn Owl (Tyto 
alba) pellet containing rat bones, 
confirming the expectation that the 
Owl would be present on the property 
(Bruner 1999).  I also saw evidence of 
dogs in the area.  I observed no signs 
of feral goats or pigs, common 
enemies of native host plants.  I saw 
and heard cattle in the upper shrubland 
above the Landfill property (see 
Recommendations, p. 16). 
 
 
 
DISCUSSION 
Native invertebrates found in this survey and significant non-native species are listed in 
Table 1.  Native species of note are discussed and information is provided on several 
adventive species often misidentified by the public as native species.  Also, information 
is provided on some medically important species. 
 
 

Figure 5:  Steep slopes made light census efforts 

extremely important in obtaining meaningful results. 
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Table 1: List of Invertebrates: Waimanalo Gulch, Oÿahu 2 
  
Species  common name Status Recovered at / by  
 Abundance   
MOLLUSCA  
GASTROPODA 
PULMONATA  snails and Slugs
Succineidae  
Succinea caduca  Hawaiian amber snail   End O in rocky ledges 
 
ARTHROPODA      
ARACHNIDA 
SCHIZOMIDA 
Scorpiones  scorpions
Isometrus maculatus (De Geer) lesser brown scorpion Adv O at light 
 
ARTHROPODA      
INSECTA 
COLLEMBOLA   springtails
Entomobryidae 
undetermined sp. 1 ? O under stones 
 
LEPIDOPTERA 
Cosmopterigidae  case bearers
Hyposmocoma alliterata 
Walsingham, 1907 

broad, pointed case End U at light 

Hyposmocoma sp. 1  straight slender case End C under stones 
Hyposmocoma sp. 2 curved, broad case End O under stones 
Hyposmocoma sp. 3  black, pointed adult End C at light 
Hyposmocoma sp. 4  End R at light 
 
Crambidae  micro-moths
Mestolobes miniscula (Butler 1881) End U at light 
Mestolobes sp. End U at light 
Omiodes localis  (Butler, 1879) grass leaf roller End R at light 
Tamsica hyacinthina (Meyrick 1899) End A at light 
Tamsica floricolens (Butler, 1883) ? black saddled grass moth End R at light 
 
Noctuidae  miller moths
Ascalapha odorata (Linnaeus, 1758) black witch moth Adv O at light 
 
Oecophoridae 
Thyrocopa abusa Walsingham, 1907 End R at light 
 
Sphingidae  hawk moths
Agrius cingulata (Fabricius, 1775)  sweetpotato hornworm Adv U at light 
Hippotion rosetta (Swinhoe 1892) Boerhavia sphinx moth Adv O at light 
 

 

                                                 
2 Names authority: Hawaii Biological Survey 2002a; Nishida 2002; Zimmerman 1948-80;  Zimmerman 2001 
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Table 1: continued    
 
Species  common name Status Recovered at / by  
 Abundance   
ARTHROPODA   
INSECTA  
HOMOPTERA  planthoppers  
Cixiidae   
Oliarus discrepans Giffard, 1925  wild cotton planthopper End R at light 
  
HYMENOPTERA  wasps, bees, ants  
Apidae  bees  
Apis mellifera Linnaeus, 1758  honey bee Pur R in flight 
  
Formicidae  ants  
Pheidole megacephala   big-headed ant Adv C on soil 
Solenopsis geminata (Fabricius, 1804) fire ant Adv O  
  
Halictidae  
Dialictus sp. possibly nevadensis 
(Crawford, 1907) 

mining bee Adv C at Sida flowers

  
Vespidae  wasps  
Polistes exclamans Viereck, 1906 common paper wasp Ad

v 
C in rocky ledges

  
ODONATA  dragonflies and 

damselflies 
 

Libellulidae  skimmers  
Pantala flavescens (Fabricius, 1798) globe skimmer Ind C in flight  
  
CHILOPODA       
SCOLOPENDROMORPHA  
Scolopendridae  centipedes  
Scolopendra subspinipes Leach, 1815 large centipede Adv O at light 
  
 
 
 
 
Status:  
End endemic to Hawaiian Islands 
Ind indigenous to Hawaiian Islands 
Adv adventive 
Pur purposefully introduced 
? unknown 
 
Abundance = occurrence ratings: 
R  Rare  seen in only one or perhaps two locations 
U  Uncommon seen at most in several locations 
O Occasional   seen with some regularity 
C Common   observed numerous times during the survey  
A  Abundant  found in large numbers 
AA Very abundant   abundant and dominant 
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Figure 6.  Waimanalo Gulch Landfillshowing light monitoring locations  
[study area is smaller orange outline to left] 

 

August 26-27, 2008 1 = light sampling  

August 31- September 1, 2008 2,  3, 4= light sampling 

 

 

 
(map courtesy R. Guinther) 

1
2

3
4
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INVERTEBRATE RESOURCES 
MOLLUSCA: Gastropoda Pulmonata  
Succineidae: Succinea caduca  Hawaiian amber snail 
The only native 
terrestrial mollusk 
encountered was a 
succineid (Figure 7), 
length approximately 6-
8 mm.  Endemic 
Succinea snails were 
observed under stones 
and on rocky ledges.  
The rocks are usually 
encrusted with lichens 
in a veneer.  The ledges 
provide food and shelter 
from heat and 
desiccation.  The 1983 
survey of Waimanalo Gulch botanical resources noted a fire swept through the valley in 
that year (Environment Impact Study Corporation), yet the snails persist.  The rocky 
ledges and talus islands appear to offer refuge against destruction by fire and drought by 
offering a cool, moist habitat in the rocky crevices (Holland 2008).  
 
This species is endemic to O’ahu, but is widely distributed.  This distribution pattern is 
not uncommon in Succinea.  This group of snails may be arboreal or ground dwelling, 
and occupies a wide range of habitats.   
 
They often cover their shells with bits of decaying plant matter for camouflage.  All 
Succinea feed on decaying plant matter.  (Zimmerman 2001).  They are not known to eat 
healthy, growing plants and pose no threat to home gardens or landscaping (R. Cowie, 
personal communication 2002).  The group is under study by Dr. Cowie’s lab at the 
University of Hawai’i (Cowie 2006).  
 
ARTHROPODS 
INSECTA  
LEPIDOPTERA 
Cosmopterigidae: Hyposmocoma  
Two species of Hyposmocoma, as caterpillars, were found on the rocky outcroppings and 
three species, in adult stage, came to light.  Considering the population is likely at a low 
level due to the dry weather, the diversity is note worthy.  In the wet season it could be 
expected that a higher number of individuals and more species would be recovered.  
Properly called “case bearers,” the caterpillars are sometimes misleadingly called 
“bagworms.”  Very young caterpillars of case bearers find safety inside a leaf curl or 

Figure 7:  Succinea caduca at Waimanalo Gulch
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similar hiding place, but when growth forces 
them out of that protection, they intricately 
weave a portable shell of their own silk from 
a lip spinneret.  For camouflage, they add bits 
of their surroundings to the case using their 
silk: snips of dry grass or leaves, flakes of 
bark, maybe a little dirt.  The case is then 
easily mistaken by a predator as another part 
of the landscape (Figure 8).  These bunkers 
are fitted with a hinged lid (operculum), 
pulled shut by mini-mandibles to defend them 
from enemies like beetles and micro wasps.  
Their relationship to the case is similar to that 
of a hermit crab to his shell.  They aren’t 
physically connected to the case as a snail or 
turtle is fixed to their shells.  They are 

dependent on their case, and die if removed – even if protected from predators and given 
food.  They don’t move far, but feed while partly emerged from the case, dragging along 
their protective armor by their six true legs.  Cases are sometimes attached to rocks a 
short distance above the ground.  (Manning/Montgomery in Liittschwager & Middleton 
2001)  With over 500 kinds, Hyposmocoma micromoths are the greatest assemblage of 
Hawaiian Island moths, showing astonishing diversity.  After writing 630 pages on them, 
Dr. Elwood Zimmerman lamented the inadequacy of his study.  He noted an enormous 
cluster of species with explosive speciation and diverging radiation (Zimmerman 1978).  
Much remains to be learned about the life ways of this interesting group of insects now 
under study by University of Hawaii’s Dr. Daniel Rubinoff and colleagues (Rubinoff et 
al. 2008).  The UH lab will attempt to rear out the caterpillars to identify the species.  As 
sexually based characters can be important in identifications, and some of the species 
were represented by a single specimen, additional collections may be needed for 
identification. 
 
 
Noctuidae: Ascalapha odorata 
The black witch moth (Figure 9) found in this 
census has been widely distributed in the 
island chain since the first O’ahu sightings 
were noted at Manoa in 1928 (Bryan 1929).  
This large moth is occasionally mistaken for 
a bat when seen in flight in low light.  It is 
most frequently seen a dawn or dusk.  In 
cities it is seen resting under the eaves of 
roofs during the day.  In rural areas it rests 
under foliage and against tree trunks. 

©Figure 9: Black witch moth resting in day 

Figure 8:  Camouflaged Hyposmocoma at 

Waimanalo Gulch, O’ahu  
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Sphingidae: Agrius cingulata  Sweetpotato hornworm 
The sweetpotato hornworm (Figure 
10), a large and easily seen moth, is 
often confused by the public with the 
Blackburn’s sphinx moth (Manduca 
blackburni) described below.  They 
are distinguished by their pink 
markings, as opposed to orange 
markings on Blackburn’s sphinx 
moth (see Figure 12).  A. cingulata 
caterpillars feed on all sweet potato, 
morning glory, and related plants.  
The species is widely distributed 
around the Hawaiian Islands.   
 
 

 
HOMOPTERA (PLANTHOPPERS) 
Cixiidae Oliarus discrepans Giffard, 1925 
Oliarus discrepans was previously listed by the US Fish & Wildlife Service as a “Species 
of Concern.” (HBS 2002a)  This designation has been abandoned by the Service.  Five 
individuals of this native, lowland planthopper, rarely seen in the last 40 years, were 
recovered.  O. discrepans is considered a founding species or ancestor for a large cluster 
of species.   
 
ODONATA (Dragonflies and Damselflies) 
Libellulidae: Pantala flavescens Globe skimmer 
This indigenous dragonfly was observed on the site.  Among the most easily observed 

native insects, dragonflies are large, 
easily approached by people, and 
graceful in flight.  Any small 
amount of fresh water will attract 
globe skimmers (Figure 11) and 
they often colonized human 
maintained water sources such as 
golf-course water hazards and 
ponds.  It is widely distributed 
throughout the Hawaiian Islands, 
from Kure to Hawaiÿi Island and 
has even been found flying at sea 
(Howarth & Mull 1992). 

 

© Figure 11:  Globe skimmers often use human 

created water sources  

© Figure 10: Sweetpotato hornworm showing 

pink markings  



  

Invertebrate Survey, Waimanalo Gulch Landfill Expansion  Oÿahu 
 

  

Montgomery September 26, 2008 page 14 

Invertebrates Not Present 
Plant and invertebrate populations are interdependent, meaning host plant presence 
previews invertebrate diversity.  The absence of wiliwili (Erythrina sandwicensis) and 
maÿo or Hawaiian cotton (Gossypium tomentosum) and the low levels of ÿilima (Sida sp.) 
(Char 1999, Guinther 2007) contribute to the paucity of Hawaiian arthropods at 
Waimanalo Gulch.  A longer survey after the winter flush of plant growth would surely 
have found several more frequently seen native arthropods as noted below. 
 
Alien predatory ants are another major cause of low native arthropods.  Both the fire ant 
(Solenopsis geminata) and big-headed ant (Pheidole megacephala), which prey on other 
insects (Zimmerman 1948-80), are present on the property.  Ants are well documented 
as a primary cause of low levels of native arthropods at elevations up to 2000 ft. 
(Perkins 1913).  On all nights during light collecting, ants quickly appeared and began 
attacking the resting moths and smaller insects at my light.  Ants frequently do not 
overlap territories, but have separate territories, effectively apportioning the hunting 
grounds between themselves, offering few ant-free zones to native arthropods. 
 
MOLLUSCA: Gastropoda (Snails) Pulmonata  
Achatinellidae 
The Oahu Tree Snail (Achatinella), listed on the federal endangered species list, was not 
found (DLNR 1996; Federal Register 1981).  The habitat (elevation, host plants, and 
moisture levels) make the area inappropriate for the snail.  
 
ARTHROPODA ARANEAE  
Lycosidae: Lycosa sp.  
Native Lycosa or wolf spiders (18 mm) were not seen on the property, although they are 
probably present based on their distribution in similar habitat island-wide.  These are 
quick, strong predators which give maternal care to their young.  They hide alone by day 
and hunt by night in established individual territories.  (Manning/Montgomery in 
Liittschwager & Middleton 2001) 
 
ARTHROPODA INSECTA 
DIPTERA 
Drosophilidae: Drosophila  
No native Drosophila were observed on the property.  The location does not provide 
appropriate habitat for any of the 12 native Drosophila species recently listed as 
endangered or threatened.  (USFWS 2006a, b). 
 
HETEROPTERA  
Lygaeidae Nysius sp.  
Although commonly found in dryland locations, this native seed bug which uses many 
host plants, alien and native, was not recorded by this survey.   
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HYMENOPTERA 
Colletidae  Hylaeus sp.   
The yellow-faced bee was not found, but is likely present.  This native, ground nesting 
bee is often found in dry habitats at similar elevations.  Ceratina smaragdula (Fabricius, 
1787), the small carpenter bee, was noted and is often confused with the yellow-faced bee 
as it is similar in size and often visits the same native plants.  (Daly &Magnacca 2003) 
 

LEPIDOPTERA  
Sphingidae: Manduca blackburni 
Blackburn’s sphinx moth (Manduca blackburni), 
an endangered species (Fed Reg 1999-2000) 
which favors drylands, was not found in this 
survey.  The moth’s native solanaceous host plant, 
ÿaiea (Nothocestrum sp.), was not observed on the 
property in my own survey or prior botanical 
surveys.  The best alien host, tree tobacco 
(Nicotiana glauca), however, is present in many 
locations in the expansion area.  Over 50 plants 
were searched without finding evidence of 
feeding or presence of caterpillars.   

 
The moth has not been seen on Oÿahu for many decades.  The Recovery Plan (USFWS 
2005b) for this large sphinx moth proposes only one Management Unit on Oÿahu, at the 
Nature Conservancy’s Honouliuli Preserve and relies on future reintroductions from other 
islands.   

Figure 13:  Waimanalo Gulch looking 

makai toward current operations, tree 

tobacco in foreground.   

© Figure 12:  Blackburn’s sphinx 

moth is distinguished from other 

hawk moths by orange markings. 
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Medically important species 

The Waimanalo Gulch Landfill Expansion 
area includes prime habitat for medically 
important species: centipedes, scorpions, and 
paper wasps.  Widow spiders also may be 
present in the area.  Paper wasps (Figure 14) 
were plentiful and aggressively defensive on 
overhanging ledges.  Honey bees were in 
low numbers, most likely the result of the 
recent introduction of the Varroa mite which 
is killing colonies.   

 

 

Employees should be alert for these species during their work.  These species may pose a 
serious risk to some individuals, and supervisors should be aware of any special allergy 
by employees.  Some individuals can experience anaphylactic reactions to venom.  When 
dislodging stones or brush, use of gloves and long sleeves will greatly reduce the risk of 
accidental contact and bites or stings.  Please see What Bit Me?  (Nishida and Tenorio 
1993). 

 
 
POTENTIAL IMPACTS  
Potential Impacts on Federal or State Listed Species 
No federally or state listed endangered or threatened species were noted in this survey 
(USFWS 2008).  No anticipated actions related to the proposed project activity in the 
surveyed locations are expected to threaten entire species or entire populations.   
 
 
RECOMMENDATIONS 
Improve associated watershed 
It is important to manage the ahupua’a to reduce peak flooding, which can damage 
stream banks, culverts, and undermine waste storage cells.  The presence of cattle in the 
watershed above the Landfill has had and will have negative impacts.  For example, at 
Hawai'i Kai’s Haha'ione Valley and Manoa Valley, exceptional downpours on goat and 
pig disturbed mauka landscapes and have exacerbated extreme water runoff.  Improving 
the quality of watershed on the property above the Landfill would reduce the intensity of 
flash flooding and the potential for damage.  Removal of the cattle in the catchment area 
above the Landfill would improve vegetation and reduce erosion.  Restoration of the 
watershed with selective planting of fire resistant plants intended to slow runoff (a mix of 
plant heights with a strong ground cover) would make a substantial contribution toward 
soil and water retention.  

© Figure 14. Paper wasp building nest 
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STANDARD NOMENCLATURE 

Bird names follow Hawaii’s Birds (Hawaii Audubon Society 2005).  
 
Invertebrate names follow 
 Freshwater & Terrestrial Mollusk Checklist (HBS 2002b) 
 Common Names of Insects & Related Organisms (HES 1990) 
 Hawaiian Terrestrial Arthropod Checklist (HBS2002a; Nishida 2002) 
 
Place name spelling follows Place Names of Hawaii (Pukui et al. 1976).   
 
Plant names follow  
 Manual of the Flowering Plants of Hawai‘i (Wagner et al. 1999)  
 A Tropical Garden Flora (Staples and Herbst 2005)  
 
ABBREVIATIONS  
DLNR Department of Land and Natural Resources, State of Hawai’i  
DOFAW Division of Forestry and Wildlife, State of Hawai’i  
MV  Mercury Vapor  
n.  new 
sp.     species 
spp.     more than one species 
UH  University of Hawaiÿi 
USFWS United States Fish and Wildlife Service 
UV  Ultraviolet 
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GLOSSARY3 
Adventive: organisms introduced to an area but not purposefully. 
Ahupua’a: historic land division usually from uplands to seashore, recognizing the 

interconnectedness of uplands and seashore as a management unit 
Alien: occurring in the locality it occupies ONLY with human assistance, accidental or 

purposeful; not native.  Both Polynesian introductions (e.g., coconut) and post-
1778 introductions (e.g., guava, goats, and sheep) are aliens.  

Arthropod: insects and related invertebrates (e.g., spiders) having an external skeleton 
and jointed legs. 

Endemic: naturally occurring, without human transport, ONLY in the locality occupied.  
Hawaii has a high percentage of endemic plants and animals, some in very small 
microenvironments. 

Hygrophilous: literally water loving, adapted to living or breeding in wet or damp places 
Indigenous: naturally occurring without human assistance in the locality it occupies; may 

also occur elsewhere, including outside the Hawaiian Islands.  (e.g., Naupaka 
kahakai (Scaevola sericea) is the same plant in Hawaiÿi and throughout the 
Pacific).  

Insects: arthropods with six legs, and bodies in 3 sections  
Invertebrates: animals without backbones (insects, spiders, snails / slugs, shrimp) 
Larva/larval: an immature stage of development in offspring of many types of animals. 
Makai: down-slope, towards the ocean. 
Mauka: up slope, towards the mountains. 
Mollusk: invertebrates in the phylum Mollusca.  Common representatives are snails, 

slugs, mussels, clams, oysters, squids, and octopuses. 
Native: organism that originated in area where it lives without human assistance.  May be 

indigenous or endemic.  
Nocturnal: active or most apparent at night. 
Purposefully introduced: an organism brought into an area for a specific purpose, for 

example, as a biological control agent.  
Rare: threatened by extinction and low numbers.  
Species: all individuals and populations of a particular type of organism, maintained by 

biological mechanisms that result in their breeding mostly with their kind. 
Waning: describes a gradual decrease in the amount of the moon‘s disk that is visible; 

shrinking 
Waxing : describes a gradual increase in the amount of the moon‘s disk that is visible; 

growing 
 

                                                 
3  Glossary based largely on definitions in Biological Science: An Ecological Approach, 7th ed., 
Kendall/Hunt Publishing Co., Dubuque, a high school text; on the glossary in Manual of Flowering Plants of 
Hawai’i, Vol.2, Wagner, et al., 1999, Bishop Museum Press, and other sources. 
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Blasting Effects on Rockfalls and Vibrations 

Waimanalo Gulch Landfill 
Ewa Beach, HI 

 
At the Waimanalo Gulch Landfill blasting may be used to excavate rock in certain areas for 
excavation to the subgrade levels.  The explosion of blast charges results in ground and surface 
vibrations.  The best predictor of the impact of blasting on structures and humans is peak particle 
velocity and the frequency of vibration transmitted into the residence. 

 

Acceptable Ranges of Particle Velocities and Frequencies of Vibration 

Based on numerous blasting studies, the Bureau of Mines concluded that, for residential-type 
structures, safe levels of particle velocities from blasting range from 0.5 to 2.0 in/sec.   

The damage threshold values are also a function of the frequencies of vibration transmitted to the 
residence.  Depending on the type, the structure may experience strains when frequencies vary 
between 4 Hz and 25 Hz.  Depending on the individual’s response and annoyance level from 
ground vibrations, particle velocities ranging between 0.5 and 0.75 in/sec have been judged “less 
acceptable”. Higher velocities are not acceptable. 

Furthermore, information quoted from Merritt [1983] states that: “Most courts have accepted the 
fact that a particle velocity not exceeding 2 in/sec will not damage any part of any structure.” 

Particle velocity can be estimated using the following equation: 

v = H (D/√W)−β                                                                (1) 

where: 

D = distance from the explosive charge, feet; 

W = maximum weight of explosives, lbs per delay; and 

β, H are site-specific constants determined based on the blast test program 
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Blast Test Program 

Prior to starting the full-scale blasting program for production, WM plans to conduct a Blast Test 
Program at the site.  The program will consist of monitoring particle velocity and frequency of 
vibration with distance from the blast source for the known blast charge.  Based on the Blast Test 
Program, the site-specific constants β and H can be determined.  Once these site-specific 
constants are established, equation (1) can be used to establish the distance from the blast beyond 
which the impact from the blast will be safe.  Similarly the frequency-distance attenuation 
relationship will also be established based on the test program. 

The above program will help establish the charge weights per delay that will be used during 
production blasting operations so that blasting does not adversely impact the residential 
developments. 

In addition to the above, as a part of the above Blast Test Program, WM will also monitor the 
potential for rockfalls during blasting.  If a potential for rockfalls is identified, WM will use 
barriers (e.g., nets) to mitigate the potential rockfall issues. 
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